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(54) Process for producing a semiconductor wafer. 

(57) A process for producing a semiconductor 
wafer comprises the steps of pulling up a silicon 
single crystal rod having a concentration of 
oxygen in a range of 14-20 ppma at a speed of 
0.6 mm/min or lower in a step of growing a 
silicon single crystal by Czochralski method, 
providing a silicon single crystal wafer sliced 
from the resulting single crystal rod, and sub- 
jecting the sliced wafer to an intrinsic getter ing 
process. A final product of the wafer includes a 
substantially perfect denuded zone. 
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BACKGROUND OF THE INVENTION 

1. Field of the Inv ntion 

The present Invention relates to a process for pro- 
ducing a semiconductor wafer for fabrication of sem- 
iconductor integrated circuit and more particularly to 
a process for producing a semiconductor wafer hav- 
ing a denuded zone (DZ) free from defects after a 
process of intrinsic gettering the wafer. 

2. Description of the Related Art 

Intrinsic gettering (IG) has been employed as a 
technique of eliminating defects formed during silicon 
single crystal growth from the active layer (i.e. DZ lay- 
er) positioned near a surface of the semiconductor 
wafer. Intrinsic gettering process is a method of cre- 
ating defects inside a semiconductor wafer instead of 
from outside the wafer to cause the wafer to have a 
gettering ability. 

Intrinsic gettering process normally comprises in 
an order of execution the three following steps of first 
annealing the wafer to create the denuded zone at ap- 
proximately 1050-1200°C t second annealing the wa- 
fer to create defect nuclei inside the wafer at approx- 
imately 600-800°C and last annealing the wafer to 
concentrate microdefects to around the defect nuclei 
inside the wafer at approximately 1000°C. Japanese 
unexamined patent application publication HEI.1- 
168031 discloses this intrinsic gettering process in 
detail. 

It is an ideal that the denuded zone is perfectly 
free from defects after the wafer has been subjected 
to intrinsic gettering process. However, it is found that 
low density defects actually remain in the denuded 
zone. These defects cause a fatal drawback in case 
electronic devices on the wafer are decreased in size. 

The present inventors have found through re- 
searches from various viewpoints causes why the low 
density defects remain in the denuded zone and dis- 
covered that a mechanism of creating the defects 
was complicated and conditions for heat treatment for 
the intrinsic gettering process and especially an initial 
concentration of oxygen and a pulling-up speed of a 
silicon single crystal rod in Czochralski method large- 
ly affects the creation of the defects. Thus, the inven- 
tors studied a degree of the affection and measures 
to prevent the creation of the defects and have made 
the present invention. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
process for producing a silicon single crystal waf r 
having a substantially perfect denuded zone using an 
as-grown silicon single crystal wafer sliced from a sil- 
icon single crystal rod produced by Czochralski meth- 



od. 

In order to achiev the object, the process of the 
present invention comprises th steps of: pulling up 
a silicon single crystal rod at 0.6 mm/min or lower in 

5 a step of growing a silicon single crystal by Czochral- 
ski method; providing a silicon single crystal wafer 
sliced from the resulting single crystal rod, the wafer 
having a concentration of oxygen of 14-20 ppma; and 
subjecting the wafer to an intrinsic gettering process. 

10 Pulling up the single crystal rod at more than 0.6 
mm/min significantly increased the number of macro- 
defects in the single crystal rod induced during 
growth of the single crystal in Czochralski method. 
Doping the wafer with oxygen of less than 14 

15 ppma significantly decreases the number of defects 
outside a denuded zone of the wafer to create no 
high-density defect layer and thereby reduce a getter- 
ing effect. On the other hand, doping the wafer with 
oxygen of more than 20 ppma significantly increases 

20 oxygen precipitates (i.e. defects) in and near the sur- 
face of the wafer. The oxygen precipitates degraded 
the mechanical strength of the wafer after the wafer 
was subjected to the intrinsic gettering process to 
tend to cause a warp or a slip in the wafer. 

25 In the present invention, the wafer has little num- 
ber of macrodefects induced during growth of the sin- 
gle crystal and a high- temperature heat treatment of 
the wafer dissolves almost all of these macrodefects 
in and near the surface of the wafer having a small 

30 amount of oxygen at a high temperature. Thus, the 
wafer has an approximately ideal denuded zone layer 
(i.e. having a much smaller number of defects than a 
prior art silicon single crystal wafer. 

35 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG.1 is a side elevation of a semiconductor sin- 
gle crystal wafer produced by the process for pro- 
ducing a semiconductor wafer according to an 

40 embodiment of the present invention; 

FIG.2 is a diagrammatic plan view of the wafer of 
FIG.1, showing an LD (i.e. line defect) ring repre- 
sented by X-ray topography; 
FIG.3 illustrates a mechanism of creating macro- 

45 defects; and 

FIG.4 illustrates a mechanism of creating further 
macrodefects. 

DESCRIPTION OF THE PREFERRED 
50 EMBODIMENT 

A preferred embodiment of the present invention 
will be described with reference to the drawings here- 
inafter. 

55 

TEST 1 

Starting silicon single crystal wafers sliced from 
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silicon single crystal rods in Czochralski method hav- 
ing different pulling-up speeds were subject d to an 
intrinsic gettering process (i. . comprising heat treat- 
ments) under the same conditions to produce silicon 
single crystal wafers 1 having a high-d nsity defect 5 
layer 2 and a denuded zone (i.e. defect-free layer) 3 
as shown in FIG.1. 

Spatial defect distributions of the wafers 1 were 
examined. Contents of oxygen of the starting wafers 
were 14-20 ppma. 10 

1. CONDITIONS 

P type semiconductor wafers with a diameter of 
125 mm which were produced under the following is 
conditions 1.1 and 1.2 and had a pulling-up direction 
of <100> and resistivities of 10-13 Qcm were ob- 
served under the following condition 1.3. 

1 .1 PULLING-UP SPEED 20 

1) 1.54 mm/mi n, 

2) 1.25 mm/min, 

3) 0.6 mm/min, and 

4) 0.4 mm/min 25 

1 .2 CONDITION FOR HEAT TREATMENT 

1) At 800°C in an atmosphere of nitrogen (N2) for 

4 hr and subsequently at 1000°C in an atmos- 30 
phere of dry oxygen (OJ for 16 hr; 

2) At 1100°C in the atmosphere of nitrogen for 2 
hr, subsequently at 650°C in the atmosphere of 
nitrogen for 20 hr and subsequently at 1000°C in 

the atmosphere of dry oxygen for 16 hr; 35 

3) At 1200°C in the atmosphere of nitrogen for 2 
hr and subsequently 1000°C in the atmosphere 
of dry oxygen for 16 hr; and 

4) At 1280°C in the atmosphere of nitrogen for 2 

hr and subsequently 1000°C in the atmosphere 40 
of dry oxygen for 16 hr. 

1 .3 METHOD OF OBSERVATION 

By X-ray topography. 45 

2. RESULTS 

It was observed that the peripheral regions of wa- 
fers having the pulling-up speeds of 1.54 mm/min and so 
1 .25 mm/min had defects regardless of the natures of 
the heat treatments listed above. Although the num- 
ber of defects were reduced as the temperature of the 
heat treatments were increased, it was observed that 
the defects remained in the wafers. 55 

On the other hand, it was observed that periph- 
ral regions of wafers 1 having the pulling-up speeds 
of 0.6 mm/min and 0.4 mm/min had no defects regard- 



less of the natures of the heat treatm nts listed 
above. It was observed that a very small number of 
defects dotted the central area of each of these wa- 
fers 1. 

TEST 2 

Since the X-ray topography across the wafer sur- 
face produces only an image in which all data are su- 
perposed in the direction of the thickness of the wa- 
fer, a distribution of defect in the depth of the wafer 
was examined on TEST 2 in which contents of oxygen 
in starting wafers were 14-20 ppma. 

1. CONDITIONS 

P type semiconductor wafers with a diameter of 
125 mm which were produced under the following 
conditions 1.1 and 1.2 and had a puliing-up direction 
of <100> and resistivities of 10-13 n-cm were ob- 
served under the following condition 1.3. 

1.1 PULLING-UP SPEED 

1) 1.54 mm/min, 

2) 1.25 mm/min, 

3) 0.6 mm/min, and 

4) 0.4 mm/min 

1 .2 CONDITIONS FOR HEAT TREATMENT 

At 1100°C in the atmosphere of nitrogen for 2 hr, 
subsequently at 650°C in the atmosphere of nitrogen 
for 20 hr and subsequently at 1000°C in the atmos- 
phere of dry oxygen for X hr where X was 0, 4, 8 and 
16. 

1 .3 METHOD OF OBSERVATION 

All of wafers were angularly polished under the 
condition of tan 6 = 0.1 and then secco etched for 1 
min. The resulting wafers were observed by means of 
an optical microscope. 

2. RESULTS 

It was observed that denuded zones of the per- 
ipheral regions of wafers having the pulling-up 
speeds of 1 .54 mm/min and 1 .25 mm/min had defects 
regardless of the natures of the heat treatments listed 
above. 

On the other hand, it was observed that wafers 
1 having the pulling-up speeds of 0.6 mm/min and 0.4 
mm/min had little number of defects. In detail, the de- 
nuded zones of the edges of th wafers having th 
pulling-up spe ds of 1.54 mm/min and 1.25 mm/min 
had defects of approximately 5x10 8 /cm 3 and the de- 
nuded zones of the central portions of the wafers hav- 
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ing the pulling-up speeds of 0.6 mm/min and 0.4 
mm/min had defects of approximately 10 3 /cm 3 . 

3. OTHER TESTS 

5 

It was supposed from TESTS 1 and 2 that the cre- 
ation of defects in a wafer after intrinsic gettering 
process primarily depends on a pulling-up speed of a 
single crystal rod in the Czochralski method. On an- 
other test, starting wafers (i.e. as-grown wafers by 10 
the Czochralski method) were heat treated at 1 280°C 
for 2 hr and subsequently at 1000°C for 16 nr. The re- 
sulting wafers were observed. It was found that mac- 
rodefects (i.e. clusters mainly comprising oxygen pre- 
cipitates) were produced in the wafers. A creation of is 
these macrodefects depends on the pulling-up speed 
of the single crystal rod in the Czochralski method. 
Wafers sliced from single crystal rods having low pull- 
ing-up speeds (i.e. 0.6 mm/min or less) had much 
smaller number of macrodefects than other wafers 20 
sliced from single crystal rods having the pulling-up 
speeds higher than 0.6 mm/min. The wafers were 
tested on OSF at 120°C in an atmosphere of wet gas- 
eous oxygen for 60 min. It was found that the wafer 
1 sliced from the single crystal rod having the pulling- 25 
up speed of higher than 0.6 mm/min had an LD (i.e. 
Line defect) ring 21 as shown in FIG.2. 

Thus, it is supposed that the defects are created 
in the following process. The starting wafer sliced 
from the single crystal rod having the pulling-up 30 
speed of higher than 0.6 mm/min had a widely spread- 
ing distribution of a great number of macrodefects 14 
(i.e. clusters mainly comprising oxygen precipitates) 
as shown in FIG.3. Part of these macrodefects 14, as 
shown in FIG.4, is dissolved in the wafer during high- 35 
temperature heat treatment of the wafer at 11 00°C or 
higher. Remaining macrodefects 14 grow during sub- 
sequent intermediate-temperature heat treatment of 
the wafer at approximately 1000°C to become larger 
macrodefects 1 5 in the denuded zone 1 3 of the wafer. 40 

That is, oxygen in the starting wafer 1 is diffused 
outward during the high-temperature heat treatment 
to decrease an concentration of oxygen near the sur- 
face of the wafer 1 . Thus, a critical radius (i.e. radius 
for determining the growth or disappearance of the 45 
oxygen precipitates) is increased near the surface of 
the wafer where the concentration of oxygen is low 
and the temperature is high, so that precipitates hav- 
ing radii smaller than the critical radius are dissolved 
in the wafer. On the other hand, precipitates having so 
radii equal to or more than the critical radius cannot 
be dissolved but grow. Thus, it is supposed thatthese 
precipitates will create macrodefects 15 in the denud- 
ed zone 3 after the intrinsic gettering process of the 
wafer. 55 

Since a decreasing of the concentration of oxy- 
gen in the starting wafer under the lower limit of the 
concentration of oxygen makes it difficult to produce 



a high-d nsity defect layer, the intrinsic g tt ring ef- 
fect of the wafer was decreased and the wafer was 
warped. On the other hand, sine an increasing of the 
concentration of oxyg n in the starting wafer beyond 
th upperlimitoftheconcentrationofoxyg nremark- 
ably increased the precipitates in and near the sur- 
face of the wafer and an excess of the precipitates 
significantly degraded the mechanical strength of the 
wafer after the intrinsic gettering process, the wafer 
tend to be warped or have a slip. Thus, an actual ap- 
propriate concentration of oxygen in the starting wa- 
fer is 14-20 ppma. 



Claims 

1. A process for producing a semiconductor wafer, 
which comprises the steps of: 

growing a silicon single crystal by the Czo- 
chralski method; 

drawing a rod of the silicon single crystal, 
having an oxygen concentration of 14-20 ppma, 
at a speed of no more than 0.6 mm/min; 

slicing a silicon single crystal wafer from 
the rod; and 

subjecting the wafer to intrinsic gettering. 
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Fig. 3 
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Fig . 4 
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